1. Introduction
===============

The integrated medical degree program in medicine (iMED) was created and prepared between 2008 and 2012. Lecturers from all disciplines of the Faculty of Medicine of Universität Hamburg and the University Medical Center Hamburg-Eppendorf have developed the degree program together with students in a large-scale work and coordination process. The results of the 2007/08 graduate survey provided the initial key impetus for the process. In particular, responses to the survey indicating that respondents felt that practical skills were inadequately taught and that a lack of scientific training was evident \[[@R1]\]. The Bologna Process also influenced the development of iMED and led to the design of a modular degree program. The first cohort of students was admitted in winter semester 2012/2013. The degree program was approved by the responsible authority in accordance with federal state law until 2022.

2. iMED integrated medical degree program -- concept and goals
==============================================================

2.1 Reform goals, central guiding principle and structural goals
----------------------------------------------------------------

The overriding goals of iMED are the significant improvement of medical education and the visualization of teaching innovations in medicine. iMED is characterized by the guiding principle of "scientific orientation". The Faculty of Medicine expects its graduates to adopt a questioning and critical attitude, to be able to structure themselves and be independent, as well as pursuing a consistent orientation towards evidence-based science. Central tasks of equal value include the teaching of social skills as well as practical medical skills. Another important goal of the study reform is the long-term engagement of excellent young physicians.

The structural goals are the integration of theoretical and clinical training content, the subdivision into a core curriculum which is supplemented with an extended elective study program as well as a higher degree of self-determined teaching and learning. Counselling services and measures aimed at qualifying lecturers form an important basis for the degree program, alongside other quality assurance measures \[[@R2]\].

### 2.2 Curriculum structure

iMED consists of a modular compulsory core curriculum and elective courses. The core curriculum is comprised of 19 modules which are arranged in seven module groups and cover three stages of a learning spiral. The elective modules are thematically structured, longitudinally arranged and underline the scientific aspects of medicine. The first nine semesters consist of two six-week compulsory modules and one two-week elective module (2^nd^ Track).The intermediate examination (designed as a university examination) "Normal function: health and disease" is taken at the earliest after the third semester. In the tenth semester, students prepare a student research project as an independent academic achievement. After the tenth semester, the "Second Part of the Medical Examination" is taken. This is followed by the final practical year. The medical degree program is completed with the "Third Part of the Medical Examination" (cf. figure 1 [(Fig. 1)](#F1){ref-type="fig"}) after six years and three months at the earliest.

The compulsory core curriculum is divided into three large sections in the form of a three-stage learning spiral with increasing requirements: "Normal function: Health and disease" (semesters 1-3), "From symptom to disease" (semesters 4-6) and "Disease -- differential diagnosis and differential therapy, prevention, rehabilitation and care systems" (semesters 7-9). In each of these three stages, closely related or similar topics, which are nevertheless progressive in their complexity, are gradually dealt with in greater depth in seven compulsory module blocks.

The Z-shaped structure of iMED illustrated in figure 1 [(Fig. 1)](#F1){ref-type="fig"} underlines the close linkage between theoretical (dark blue) and practical-clinical teaching components (light blue). By comprehensively coordinating the teaching content and the learning objectives of the participating theoretical and clinical subjects, theoretical training content is taught on the basis of real patient's medical histories from the first stage of the learning spiral. In this way, students do not only learn the theoretical contents in the systematics of each individual subject, but also in a comprehensive way that references the respective leading diseases. One teaching innovation that students rated very positively in this context is team teaching. This teaching format includes collaborative teaching by lecturers from basic medical sciences and from clinical subjects regarding a disease, including the involvement of patients in several lectures.

### 2.3 Scientific principles as a guiding principle

The compulsory elective course (2^nd^ Track) enables students to learn and apply scientific work in a structured curriculum. Accordingly, a wide range of 2^nd^ Tracks was established oriented towards the Faculty\'s main research areas, the UKE\'s clinical interests and the interests of the students. The consecutive 2^nd^ Tracks from the 1st to the 9th semester aim at the structural integration of scientific approaches in concordance with theoretical and clinical topics in various areas of medicine. Currently, 18 tracks, for example, dealing with the "Importance of Genetics in Prenatal Diagnosis and Pediatrics", \"Inflammation, Infection, Immunity\" and \"intermed - Intercultural Competence and International Medicine\" (a current list can be found on <https://www.uke.de/studium-lehre/modellstudiengang-medizin-imed/>).

In the first semester of the elective course, all students must first complete the module "Principles of Scientific Methods". These knowledge will be addressed and expanded over the course of the 2^nd^ Tracks to ensure the longitudinal integration of the guiding principle. The 2^nd^ Tracks are completed in the tenth semester by conducting an independent student research project, which is compulsory for all students. The student research project is a descriptive, theoretical and literature-based project; practical or empirical parts are only accepted in exceptional cases. The project is graded by two teachers (associate or full professors) using a standardized evaluation sheet with predefined criteria. It is possible to thematically combine a student research project and a medical dissertation, however, two independent papers must be written and submitted. This motivates students to start working on an eligible medical dissertation.

### 2.4 KUMplusKOM framework (Clinical Examination Medicine plus Communication)

At the end of their studies, iMED graduates should be able to establish a complete, structured and individual anamnesis of the patient empathetically and efficiently as well as carrying out a comprehensive physical examination and prescribing suitable diagnostic measures. Furthermore, they should also be able to independently carry out simple interventional measures, conduct patient-centered consultations, initiate therapeutic measures and develop therapy concepts in collaboration with patients and relatives.

The longitudinal training course \"KUMplusKOM\" is integrated in several modules and contributes both to the acquisition of practical competencies in the field of clinical examination methods (KUM) and to the development of communicative competencies in discussions with patients, relatives and colleagues (KOM) (see figure 2 [(Fig. 2)](#F2){ref-type="fig"}).

3. Assessment strategy, structure and organization
==================================================

The iMED assessment strategy comprises 19 compulsory module examinations, nine compulsory elective module examinations plus the compulsory elective module \"student research project\" as well as an oral/oral-practical intermediate examination following the third semester ("Examination Normal function: Health and disease"). A module examination consists of a final module examination for the respective module and optional course performances during the semester. As with the teaching content, the module examinations were designed to be cross-curricular by the teachers of the above-mentioned module groups on the basis of the intended learning outcomes. In seven compulsory modules objective structured clinical examinations (OSCE) were introduced to test the clinical-practical decision-making and responsibility. The transition from semester examinations to module examinations is differently received: While the students consider the 6-2-6 week rhythm (compulsory module-2ndTrack-compulsory module) to be useful for exam preparation, the teachers are rather critical of the increased deadline pressure and the accumulation of exams.

Of the three state examinations stipulated in the current Licensing Regulations for Physicians in Germany (Ärztliche Approbationsordnung, ÄApprO, 27^th^ June 2002), exempt the "First Part of the Medical Examination": The successful completion of the module examinations for the first eleven compulsory modules after the fifth semester forms the equivalence to the written part of the "First Part of the Medical Examination" (§ 41 Paragraph 1 Number 1 ÄApprO). The "Examination -- Normal function: Health and Disease" replaces the oral-practical part of the "First Part of the Medical Examination" as an oral/oral-practical intermediate examination after the third semester. The oral part of the \"Examination -- Normal Function\" covers the preclinical sciences anatomy, biochemistry, physiology and medical psychology/medical sociology. One week before their examination date, students are notified in which two of the four subjects they will be tested. The oral-practical part takes place as an OSCE with twelve stations. The implementation of these exams requires a high workload of the teaching staff (examiners and supervisors) and of the Dean\'s Office for Student Affairs. Passing the "Examination -- Normal Function" and the first eleven compulsory modules is a prerequisite for continuing the iMED program beyond the fifth semester.

4. Accompanying measures and offers
===================================

Success in higher education is not only determined by subject-specific factors such as innovative curricula. The selection of suitable applicants and a supportive learning environment also facilitate successful education and increase the attractiveness of the iMED medical degree program.

4.1 Before the study -- student selection at Hamburg Medical Faculty
--------------------------------------------------------------------

At present, a multi-stage selection procedure is being carried out which focuses on previous scientific knowledge in a multiple-choice test (HAM-NAT, 80 questions) as well as on psychosocial and communicative competences in a multiple mini-interview (HAM-INT) \[[@R3]\], \[[@R4]\]. The HAM-NAT natural science test in particular has already demonstrated an efficient predictive ability to determine academic success in preclinical sciences \[[@R5]\]. The research group is currently developing proposals for new selection procedures and simulating their effects on the basis of data from applicants in Hamburg \[[@R6]\].

### 4.2 During the study

#### 4.2.1 "iMED Crash Courses" in natural sciences

In order to address the fact that (too) many students in their first semesters have little or no scientific background knowledge, extra-curricular "crash courses in natural sciences" are offered in chemistry, biology, physics and mathematics. These courses are integrated in the first semesters so that they can optimally prepare the students for the curricular courses and thereby improving their academic performance \[[@R7]\]. A total of 32 crash courses are offered as part of the iMED program: 13 chemistry crash courses in the first, second and third semesters, twelve physics crash courses in the first, third and sixth or seventh semesters respectively, four biology crash courses in the second semester and three mathematics crash courses in the first semester. All of the crash courses in the natural sciences that have been taught so far have been rated good to very good by the students.

#### 4.2.2 iMED-Textbook online learning platform

The integrated curriculum challenges the students to master the simultaneous development of the subject matter required for the preclinical sciences as well as the clinical subjects. In order to provide students with an easy and uncomplicated introduction, the online learning and working platform \"iMED Textbook\" was developed as a tailor-made, multimedia and interactive eLearning concept. The iMED Textbook is linked to the learning objectives database and comprises over 25,000 standard text pages (including over 6,000 illustrations and tables) \[[@R8]\], \[[@R9]\].

#### 4.2.3 Interprofessional education

An annual elective course was established in winter semester 2016/17 as an interprofessional pilot project with a clinical focus in the compulsory elective course curriculum. Medical students work together with nursing students to investigate real patient cases and identify common ground between the two professions as well as the patient benefits generated by an interprofessional approach. The accompanying evaluation indicated high scores in the overall satisfaction (6-point Likert scale; 1 "strongly disagree" to 6 "strongly agree") of the participants (n=88, M=4.97, SD=1) in all semesters (winter semester 2016/17, 2017/18, 2018/19).

### 4.3 Beyond the degree program

#### 4.3.1 Mentoring program

The "iMED Mentoring" program is a differentiated advisory and support program which is open to all students (general mentoring program). The annual increase in enrolment rates from approx. 50% to over 60% since the start of the program demonstrates the steadily increasing popularity of the program among students. Furthermore, two special programs support both high-performing and low-performing students \[[@R10]\]. To ensure the success of these programs, the matching procedures of the mentor and mentee, for which individual procedures have been developed, are particularly important \[[@R11]\], \[[@R12]\].

5. Six years in iMED: experiences and success
=============================================

5.1 Successful quality assurance
--------------------------------

For many years, the Faculty of Medicine has applied a system of incentives and rewards for teaching (see figure 3 [(Fig. 3)](#F3){ref-type="fig"}), which is based on the evaluation of teaching. This was adapted and expanded to incorporate the design of iMED. The basis is the evaluation of the courses attended by the students, however, their satisfaction with the overall design of the module as well as proposals for awarding a teaching prize are also included. The results are made available to various committees at an institutional level, e.g. the iMED Curriculum Committee (CK iMED), as part of a round table and used for the ongoing optimization of the curriculum. This committee played an important role in the content design and fine-tuning, particularly during the degree programs initial stages. For example, first-year students criticized the late and unclear presentation of intended learning outcomes in modules of the first three semesters. "Learning objectives were helpful for structuring the subject matter": 2.31 \[21.8% satisfaction\]). The subsequent intensive analysis of the learning objectives by the teachers involved led to an increase in the rating to 4.21 (75.8% satisfaction) in the second year of the degree program (summer semester 2014). Financial incentives are provided via the performance-oriented allocation of funds based on teaching quality. In particularly difficult situations encountered during teaching, individual discussions are held to improve the teaching process. Every year, students commend particularly dedicated teachers with the "Teacher of the Year" award.

The aggregated evaluation data for the modules carried out to date in the first, second and third learning spiral (see figure 4 [(Fig. 4)](#F4){ref-type="fig"}) demonstrate very clearly that the targeted measures to improve quality have already led to a significant improvement in overall satisfaction from the second year onwards (cohort 2013/14). A Mann-Whitney-U-test shows that the student satisfaction in the degree program (n=18913 evaluations: M=5.11, SD=0.91, Mdn=5.00) is significantly higher than in the standard degree program (n=7510 evaluations): M=4.18, SD=1.15, Mdn=4.00; U=36850300.5, z=-64.59, p\<.001, r=-.40). The number of evaluations is higher for iMED because the number of surveys during the degree program is significantly higher than for the standard degree program.

The high level of student satisfaction with iMED is also reflected in many free text comments. Students belonging to all academic years clearly identify the (few) content-related and organizational problems, enabling CK iMED and the module working groups to precisely address the problems that still exist or are about to arise.

The evaluation results after six years of iMED also demonstrate that the core objectives of the model degree program, such as the integration of theoretical and clinical contents, the early integration of clinical subjects combined with early patient contact, scientific orientation, but also emphasizing medical-practical skills and psychosocial competences, are very well received.

### 5.2 Needs and requirements of the integrated curriculum

In retrospect, the integration of theoretical and clinical training content (the central principle in the iMED curriculum), has posed a variety of challenges for both the teaching and administrative staff. First of all, a change of perspective had to be implemented, in which the subject-centered perspective was withdrawn and, subsequently, an interdisciplinary, content-oriented perspective was adopted. In order to make this change possible, structures to facilitate interdisciplinary exchange were established within the faculty. These included, among other things, retreats for the entire faculty, interdisciplinary module meetings and the iMED curriculum committee. The subjects had to adjust to distributing their teaching content over several semesters and, if necessary, taking on a dominant role in one module and a supporting function for other subjects in another module. The challenge here was to master the coordination within the discipline and with other subjects. Accommodating the students according to their level of knowledge and neither over- nor under-challenging them in class or in examinations remains an important element of the coordination process.

The reduction in the autonomy of subjects posed unique challenges on the administration. A work interface was developed incorporating a learning objectives database and the iMED-Campus administration tool.

Without appropriate IT-supported assistance, the administration of the complex curriculum -- especially timetabling and room management -- would neither be feasible nor comprehensible. This professionalization of the administration has also resulted in a quantitative and qualitative change of staff. Overall, the reform process has led to further reforms both at subject level and in the program administration. A positive effect of overcoming these challenges is the greater understanding of each other\'s needs.

6. Conclusion
=============

All in all, the introduction and the accompanying optimization of the iMED degree program went very well: First-year students (winter semester 2012/2013) successfully participated in the "Second Part of the Medical Examination" for the first time in autumn 2017 and spring 2018 -- with a success rate of 100 percent -- and went on to continue their studies in the "Final Practical Year". The overall results for the first iMED cohort in the "Second State Examination" are comparable to those of the former cohorts in the standard medical degree program. In the nationwide ranking of the medical faculties, the Faculty of Medicine in Hamburg remains at a constant level with this result. The differences between faculties in the ranking are very small and only account for a few percentage points, though. Also, better results in the "Second State Examination" were not among the objectives when designing the degree program. The central focal points and strengths of the integrated curriculum are the integration of theory and practice, the early implementation of practical teaching and the emphasis on scientific education. These aspects are only scarcely reflected in the "Second Part of the Medical Examination". The first iMED graduates took up employment in spring 2019.
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